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Introduction 
The M. K. Morse Company is a circular saw manufacturing facility that currently 
produces a 6 ½” diameter, 40 tooth,  ⅝ arbor, battery powered metal-cutting blade for Hilti. Hilti 
purchased $2.1M in circular saw blades from Morse in 2018 and the blade that they purchased 
was designed back in 2009. This specific blade was designed to be an all purpose blade that 
required different specific design criteria. However, the cutting specifications from Hilti have 
changed recently which resulted in Hilti no longer being satisfied with the performance to value 
relationship of this blade. A competitor blade made by Global Saw was chosen as the blade to 
benchmark and beat in terms of cutting speed and life. There are two cutting applications for the 
team’s new design, primary and secondary. The primary application is in carbon steel plate type 
ST 37 size 100x10mm or an equivalent of 4” x ⅜” 1018 carbon steel. The secondary applications 
are round galvanized steel tubes (EN 10255) of size 3.2 x 42.4 mm or US equivalent 1 ¼” SCH 
40 galvanized steel pipe. Additionally, in Hilti Channel MQ 41/2 or US equivalent 1 ⅝” x 14 
gauge Unistrut. Additionally, to improve profit margin from inside the company a reduction in 
manufacturing cost of 5% is desired.  
 
 
 
 
 
 
 
 
Key Features and Vocabulary 
 
Figure 1: Plate Vocabulary Figure 2: Tip Vocabulary 
Bore ​ - Extrude center cut for mounting to an arbor in a hand fed circular saw 
Chisel tip​ - straight tooth with no top grind  
Feed Limiter​ - Raised area on the back of the tip that makes contact with the workpiece at a 
tangent to slow down the feed of the saw when making a cut. 
Gullet​ - the recessed area between two consecutive teeth to allow chips to flow in and out of the 
cut 
Included angles​ - angle from endpoints of the land to the side of the tooth 
Kerf​ - width distance of the tooth 
Land​ - Cutting edge of the tip 
Relief angle​ - angle from the horizontal to the top surface of the tooth  
Triple chip grind ​ - tooth grind used to create symmetric cuts followed by a chisel tip  
 
 
 
Construction Process 
Morse manufactures hundreds of circular saw blades a day. To begin the process of 
making a blade, you must have a 3D model from Solidworks of the body of the blade as well as a 
drawing of the Carbide or Cermet tip grind geometries. The tip geometries include top grinds, 
rake angle, relief angles, and kerf width. These models are then approved by another engineer 
and the manufacturing process can begin. The process to make this specific blade begins by laser 
cutting a sheet of 1.2 mm thick 1075 steel to create the body of the saw blade. This process 
creates features like the bore, gullets, and tip pockets. The blades are then run on a conveyor 
through a deburring process to remove any raised edges from the laser cut so that the blades sit 
flush against one another in the racking process. The blades are racked between two large 316 SS 
discs are then sent to a temper furnace to improve the toughness of the blade body. From this 
step the saw body process, referred to internally as plate manufacturing, is complete.  
The next step in the circular saw process is to add the carbide or cermet tips to the blade. 
This is performed by brazing on the tip to the body of the blade. The tips are brazed to the body 
by utilizing induction brazing, which uses a specialized braze alloy that melts the tip to the body, 
similar to a weld or solder joint. These tips are then put through several grind processes in order 
to grind a relief angle on the top of the tip also known as the flank face. This grind process also 
includes the grinding of the sides of the tooth that puts relief angles ground in the tangent and 
radial direction on the tooth to allow enough room for clearance when the tooth is making a cut. 
The desired rake angle is also ground into the cutting face depending on the design criteria at a 
positive, zero, or negative rake. Additionally, a grind is also put on the top relief face to split up 
chip loads from tooth to tooth depending on the tooth pattern. After the tips are ground, tipped 
 
saw blade bodies are blasted around the outer diameter of the blade and polished on the inner 
diameter. This process is a cosmetic step prior to being laser etched and then dip coated in a rust 
preventative solution. After these cosmetic steps are complete the circular saw is ready for 
shipping.  
 
Figure 3: Rake and Relief angles shown 
 
Preliminary Design Phase 
In order to start redesigning the blade to meet specifications, the team was required to 
carry out a benchmark test with failure criteria supplied by Hilti. These tests were done using a 
Hilti SCM 22-A 6 ½” circular saw with a B 22/8.0 Li-Ion battery. There were two conditions 
which must be met in parallel to declare the end of life on the blade. First, the time per cut has to 
be three times higher than the average time of the first five cuts. Additionally, the saw blade has 
to stall at least four times in the same cut length. Based on this criteria, a test plan was developed 
to get the most accurate results.  
The layout of the test plan was to test five competitor blades and five Morse blades in 
each application. This test was done across three different operators in order to get a good 
representation of the blade performance in the field. To accomplish this each operator was to test 
 
one blade at a time alternating between Morse and Global Saw every fifty cuts. The technicians 
in the M.K. Morse Cut Lab were asked to take pictures of the tool wear every fifty cuts to 
measure the tool wear patterns and allow the saw time to cool down. The batteries in the saw 
were to be replaced at fifty percent battery to ensure the saw was operating at maximum power 
through the cuts. Cut times were recorded for the first five cuts to determine the failure criteria 
and then every tenth cut following. The blades were then used until the cut time on a fully 
charged battery reached three times the average of the first five cuts or the saw motor stalled at 
least four times. 
 
Test one benchmark results 
The primary application in 4 x ⅜” 1018 steel plate results proved to be very similar in 
performance and life. The average number of cuts for the Morse blade was 136 cuts where the 
average number of cuts in the global blade was 148 cuts. The first blade was an outlier in the test 
results due to the cut time criteria, not because of life, which is why the results are skewed low 
for Morse. The following four tests resulted in statistically indistinguishable results. Comparing 
the wear patterns of the two More blades shown in figure 5 and 6 the tooth experienced 
catastrophic failure with large chipping damage. Alternatively, the global wear pattern in Figure 
7 and 8 display a desired wear pattern that is even without any chipping and only abrasive wear 
eventually dulling the blade. This is evidence that in a continuous cut, not interrupted, cermet is 
the better grade of tip.  
 
 
 Figure 4:​ ​Primary Application Test Results in Steel Plate 
 
 
 
 
 
 
Morse tip before/after with modified ATB tested in steel plate
 
                             ​ Figure 5 : New Tip      Figure 6 : Life (250 cuts) 
 
Global tip before/after with ATB tested in steel plate 
   
       Figure 7 : New Tip       Figure 8 : Life (300 cuts) 
 
 
 
The secondary application in 1 ⅝” 14 gauge Unistrut resulted in a significant 
performance difference with Morse leading by about three hundred cuts. The third blade tested 
showed that Global out performed Morse by around six hundred cuts but the failure was due to 
the cut time criteria.  Figures 10 and 11 show a new and used tip made by Morse, while figures 
12 and 13 show the new and used tip designed by Global Saw. Note the severe chipping on the 
face of the Morse blade. We believe this tip is in worse condition due to nearly double the cuts 
being performed by it, not because of the design. 
 
Figure 9 :​ ​Secondary Test Results in Unistrut 
 
 
 
 
 
 
Morse tip before/after with modified ATB tested in unistrut 
 
Figure 10 : New Tip     Figure 11 : Life (1920 cuts) 
 
 
 
Global tip before/after with ATB tested in unistrut 
 
Figure 12 : New Tip     Figure 13 : Life (1090 cuts) 
 
Additionally, the other secondary application in 1 ¼” SCH 40 galvanized steel pipe results 
showed that unfortunately, Global saw beat our Morse blade by 169 cuts. Therefore, this is an 
area that we began investigating. The tool wear was equivalent in this application where both the 
Morse blade and the global blade experienced some sort of chipping damage.  
 
 
Figure 14: Secondary Test Results in Unistrut 
 
 
 
 
 
 
 
 
 
Morse tip before/after with modified ATB tested in galvanized pipe 
 
Figure 15: New Tip      Figure 16: Life (257 cuts)  
 
 
Global tip before/after with ATB tested in galvanized pipe 
 
Figure 17: New Tip Figure 18: Life (571 cuts) 
 
 
 
Theoretical Calculations 
To determine the design of the feed limiter and the chip load, the feeds and speeds on the 
blade needed to be determined. Using a high speed camera, the speed of the blade was captured 
by placing a red mark on the blade shown in Figure 19. Using the known amount of frames per 
second on the camera, the time in seconds for a single revolution was found using the number of 
frames that were captured for one rotation. From this value the amount of frames were found to 
get frames per second and then converted into an RPM value.  
 
 
Figure 19: High Speed Camera (RPM) 
 
Using the previously acquired RPM value of 2550 this value will need to be converted 
into a linear speed in order to make the chip load calculation formula. 
 
 Additionally, the feed rates need to be calculated in order to complete the equation. This 
was done by taking the distance of the cut, for example, using the 4” plate in the primary 
calculation will give the distance of cut. Then, using the cut times from the benchmark test the 
average cut time can be calculated and the linear feed rate can be calculated.  
 
Figure 20: Cut times from Benchmark            Figure 21: Feed Rates (in/min) 
 
  
Now that feed rates are established, the chip load can be found. This is an important 
parameter in design because it establishes the depth of cut to design the tip of the blade. This is 
important because it determines how much of a cut each tooth makes. It is also essential to know 
the chip load because it is a design restraint when designing the gullet. The gullet must have 
enough capacity to take the required chip load and not clog. In order to determine the chip load, 
several parameters are needed such as arc length of the pattern, feed rate, and the speed of the 
saw. For this design it is a forty tooth blade so the angular difference from tip to tip is 
approximately nine degrees. Based on the design of the grinds of consecutive tips, the pattern 
length is established. The pattern length can be varied based on how the desired chip load is 
designed to be split up. For example, in a shorter pattern, the chips will be wide across the 
cutting face with a smaller depth of cut whereas a longer pattern will take a thin chip but it will 
be a deeper load. For example, in a two tooth pattern  the omega or the angular range of the tooth 
pattern would be eighteen degrees. From this the arc length is established. 
 
 
 
 Attack angle is the angle the blade is feeding into the workpiece. This is determined by 
taking the arctan of the difference of the feed rate and linear speed. With a very small chip load 
you can assume this angle to be small too.  
 
 
 
Figure 22: Chip Loads 
 
When considering the speed of the saw in the cut and the rate at which the saw is being 
fed into the workpiece a triangle can be formulated shown in Figure 23.  
 
Figure 23: Feed versus Speed Diagram 
 
Figure 24: Design Tree 
 
Design Process 
Top Grind 
To begin the new design, the team started brainstorming what applications needed 
improvement and from that a Gantt chart was made to keep on schedule. First, the top geometry 
on the tooth needed to be analysed further to see the chip formations. Shown below are three 
commonly used grinds used in the circular saw industry.  
 
        
Figure 25: Triple Chip Grind Figure 26: Modified ATB Figure 27: ATB 
 
The current Hilti tooth grind in Figure 26 (Modified Alternating Bevel) was designed for 
cutting unistrut and other quick, thin cuts. The team needed to find a more suitable tooth grind 
for our primary application, cutting ⅜ thick steel plate which is a much slower and thicker cut. In 
the benchmark testing the technicians noticed a significant amount of vibration and noise in the 
cut. Consider the current design in  Figure 28 below. 
 
 Figure 28: Modified ATB Loads 
 
Figure 29: Ansys Model of MATB 
In this design, the portion of the tip shown in red is what is taking the chip. This is a right 
ATB and this alternates in a pattern throughout the blade which is a two tooth pattern. The side 
loads are uneven through the cut causing the blade to have an imbalance in forces therefore 
inducing vibration and uneven wear on the tips. It can be observed in the FEA model in Figure 
29 that the loading on that tip caused a deformation in the y-direction of magnitude .01 mm when 
 
subject to a 50 N radial load and a 100 N tangential or cutting force load. The tips shown in the 
benchmark testing support the uneven wear which can cause reduced life. In order to come up 
with a better design the chip loads needed to be optimized properly to get the desired 
performance.  
The triple chip and chisel design became the main focus in the future design of the blade 
due to the even side loads about the center of the tip. This is one of several features that we 
altered to get desired chip loads for a more versatile design. The even loads on the ThirdWave 
model of a triple chip grind tooth as well as an Ansys model are shown in Figure 30. The 
deflection or deformation in the y-direction is orders of magnitude lower than the MATB design 
shown previously. This is crucial in design because any side loading on a tip can cause an 
imbalance and premature wear on the tip. The radial and tangential forces are also low 
comparatively. The frequency of amplitude of the forces also stays consistent which is also 
important because any fluctuation in forces can cause a vibrational effect in cutting.  
 
Figure 30: Loads on a Triple Chip Tooth 
 
 
Optimization of Two Tooth pattern 
After deciding to use a triple chip and chisel style top grind, some fine tuning was done. The 
previous design used modified ATB top grind which has two identical tips mirrored about the 
center. Due to the distribution of chips these tips have the same radial tip to bore distance. 
Moving forward our team chose to proceed with the triple chip and chisel design meant making a 
radial difference in the teeth, due to them not being identical and needing to take different parts 
of the chip. This can be seen below. We tested our initial design for the triple chip and chisel 
pattern and found that the tooth wear on the triple chip was too significant so we reduced the 
radial difference on the teeth to prevent unnecessarily high cutting loads on it. This proved to 
remove load from the triple chip but induced higher cutting forces on the chisel tip. We then 
chose to widen the top of the triple chip to more evenly distribute loads. Two prototypes were 
designed to have the triple chip take 45% and 50 % of the chip load, respectively. The remaining 
percentage of the cut is taken by the chisel tip.  
 
 
Figure 31: Two Tooth Pattern 
 
 
Optimization of 3 tooth pattern  
To reduce the overall cost of materials and reduce grinding and brazing time, the team 
decided to try a 39 tooth blade with a 3 tooth grind pattern. This reduces the cost of carbide tips 
and reduces the amount of braze that is needed by 2.5%. It also reduced grind time and brazing 
time, two of the more costly and time consuming processes that a blade goes through. Since there 
are fewer tips to take the chip load, a rather conservative grind pattern was chosen so that the tips 
don’t have too much force on them during the cut. This grind makes use of two triple-chip grind 
teeth followed by a shorter chisel tip. This chip load distribution is 44% on the tall thin land 
triple chip tip, 36% on the short wide triple chip tip and 20% on the short chisel tip. We later 
found that a slightly more even chip load distribution would be more effective after the trial of 
these blades. After adjusting the chip loads to be 40% on the tall thin land triple chip tip, 35% on 
the short wide triple chip tip and 25% on the short chisel tip, we found better performance and 
life. Figure 32 shows the ThirdWave model of the three tooth pattern in a simulation. Again, the 
side forces are zero and the radial and tangential forces are low. The amplitude of the forces 
fluctuates in the x direction which would be the cutting forces however, since different teeth are 
taking different portions of the chip is the reason for this result.  
 
 Figure 32: ThirdWave model of 3 tooth pattern 
Optimization of 4 tooth pattern 
After careful consideration of the chip load optimization in the two tooth pattern it was 
clear that the triple chip was the best design to move forward. Furthermore, a four tooth pattern 
needed to be considered as well. This design extends the loads across more teeth leading to less 
tool wear on each tooth and making the chips smaller in order to decrease the gullet size later in 
the design phase. To start this design, each tooth in the pattern was placed on a bandsaw for 
simplicity of design. This was simpler because the teeth were in a linear pattern making 
calculations for chiploads simpler and visualization of the design simpler as well. Two patterns 
were used in order to see the exact chip that each tooth in the pattern would be removing in the 
cut. The basic design of this pattern consists of 3 varying triple chips with a chisel tip. Each triple 
chip has a varied land and a variable included angle. We designed this so that as the land on the 
 
top of the chisel tip decreased the angle of the triple chip also decreased. This added to the 
included angle on the front corners of the tooth which benefited wear resistance and tip 
strength.To get the optimal design, the loads of each tip in the pattern is calculated by taking the 
surface area of each exposed surface.  
The loads were designed such that the chisel tooth shown in Figure 33, would take 15% 
of the load shown in red and it is also the shortest tip. The chisel tooth is the furthest cutting face 
from the center of the tip, so reducing the load on this tooth keeps the moment relatively small. 
Due to the sharp corner in the chisel tooth, there is more friction between the tip and the 
workpiece causing the tip to generate heat. 
The next tip, shown in green, TCG 3 shown in Figure 33 is set at a higher radial height 
with a reduced land or cutting edge width so that the included angle is also taking a load. This 
reduces the load on the chisel tooth and also puts a higher load on the triple chip. This triple chip 
takes 20% of the chip load which is slightly more than the chisel tooth but also less than the next 
two triple chips. This tip has a sharp included angle so it has better heat diffusivity than the 
chisel.  
TCG 2 shown in yellow is the next triple chip, this tip has an even smaller land with a 
less aggressive included angle. It is set at a higher radial height than TCG3 to expose the 
included angle to the cutting edge. This tip takes 25% of the chip load because it is closer to the 
center and has a large included angle which contributes to heat diffusivity and tooth strength.  
The final front triple chip TCG 1 takes the largest portion of the load at 40%. This tooth 
has the smallest land or cutting edge and the largest included angle making it the strongest tooth. 
 
This tip also takes the chip closest to the center axis such that it has the smallest sideload on the 
blade.  
 
Figure 33: Chip Load distribution for 4 tooth TCG and chisel pattern 
This design was created for performance however, due to the increase in grinding costs it 
was not tested or pursued.  
Results and Findings 
 
Feed Limiter 
The feed limiter is essentially a piece of the sawblade body that follows the tooth and 
ensures that the following tooth cannot take too much of a chip load. It basically contacts the 
workpiece so that a small controlled amount of steel can be removed by each tooth .When the 
team went to design a feed limiter the first step was to test the current feed limiter on the original 
blade that M.K. Morse produces. To test the feed limiter the team placed Dykem to mark each 
feedlimiter and organized a cut test in our primary application. The purpose of this test was to 
see if the Dykem would wear off the back of the feedlimiter, which would tell us that the 
feedlimiter was making contact with our workpiece. After many repeated cut tests on the current 
Hilti blade, the Dykem on the feed limiter was still noticeably visible. This meant that the current 
 
design didn't actually limit the feed. The reason for the feed limiter is to limit the feed rate 
through the cut and it is most important in the first ten cuts. Since the team did not notice any 
wear on the feed limiter we began adjusting its radial height. Together the team did this by 
manufacturing more prototypes within a set feed limiter height range and testing them. Testing 
determined that the feed limiter needs to be higher than our current design to work correctly. We 
then repeated the Dykem test and saw wear after making the feed limiter limit come into more 
contact with the workpiece..After further analysis, the feed limiter was set at a radial height .275 
microns lower than the chisel tip of our newly designed circular saw. From more testing, we 
found that it limited the feed properly without slowing down the cut time too significantly.  
 
Rake Angle 
The team studied the tip impacts with various rake angles. Previous simulations 
mentioned above were run with zero degree rake. Additional studies were done with more 
angles. Several prototype blades were manufactured for analysing different rake face angles and 
their impact on quality of cut. Two tests were done on both a zero degree and seven degree rake 
face, with and without face grind. Results showed very aggressive tooth wear from the seven 
degree rake in the steel plate after little cuts. On the other hand, this blade cut through unistrut 
faster than the zero degree rake blade. This was due to the thin steel of the unistrut, where a 
quick aggressive cut is necessary. 
In addition to varying the rake angle, the surface finish on the rake face was also a 
concern. When grinding the tips, the grinder runs orthogonal to the direction of chip flow 
therefore making the chip have more friction when in contact with the rake face. It was a concern 
 
that this was causing premature breakage and high cutting forces and temperatures. In turn a test 
was run with 6 blades, 3 of them were face ground and 3 were left unground. All other 
parameters were constant with zero degree rake and triple chip grinds.  
 
  Figure 34: 1st cut without face  Figure 35: 1st cut with face 
 
  Figure 36: 10th cut without face  Figure 37: 10th cut with face 
After taking the samples of chips shown in Figure 34-37 and inspecting them there was a 
noticeable difference. Blue chips always mean higher cutting temperatures which mean a higher 
cutting force. Lighter colored chips for example a golden color or a silver mean that the cutting 
temperatures were lower.  In the 1st cut without face the chips were large and blue shown in 
Figure 34. This means that the chips were getting very hot on the first cut which means that it 
 
had more frictional forces while going up the rake face. The first cut on the face ground tips were 
a lighter color with a gold consistency which means the cutting forces and temperatures were 
lower. The results of the tool wear are shown from a tip on each blade in Figure 38 and 39. There 
is noticeably more chipping on the cutting edge without the face grind. A contributing factor to 
this effect is the surface finish. The hypothesis was that if the tip was left ungrounded the surface 
finish would be better due to the fact the grind marks are orthogonal to the cutting direction. This 
result disproved that hypothesis proving that the overall surface finish is much better on a ground 
tip. 
 
     Figure 38: With Face After 10 Cuts     Figure 39: Without Face After 10 cuts 
 
Braze Strength 
In the benchmark testing, Morse competed well with the Global saw. Out of curiosity, a 
knock-off test was done on an unused competitor saw tips which measures the force at which the 
tip would break away from the pocket. Figure 40 is the set up for the knock off tester. The pin 
shown is driven by an arm that is pressed down by the operator and it breaks the tip away from 
the pocket and measures the amount of force exerted to break the braze. 
 
 Figure 40: Knock-Off Tester  
This was done in order to see if there was a correlation to tip breakages and performance 
of the blade. This is important in determining the desired grades of carbide or cermet as well as 
brazing material. Results from the knock-off tests are shown in Figure 41. In this test, thirty tips 
were knocked off of two Global Blades as well as two Tenryu, these results were compared to 
historical data of Morse knock-off values from different set ups from thirty different blades. The 
standard deviation and the mean force were much higher on the Morse blades compared to 
competitors. 
 
Figure 41: Knock-off values chart 
 
The team also tested the knock-off values of the reduced tip size. Due to them having 
2mm less braze and less surface area for bonding there was a worry the braze strength could be 
weak. Shown in Figure 42, is the results of the reduced tip size against the same competitor 
Global, the average knock off value was higher as well as the standard deviation. Comparing the 
old design to the new design for knock-off values the average force dropped from 300 lbf to 200 
lbf.  
 
Figure 42: Reduced Tip Size Knock-Off values 
 
Braze Material 
With the new saw blade design the two different brazing materials needed to be 
inspected, BA2 and BA1 composites specifics are shown in Appendix. There was no evidence 
that could visually determine the need for the copper shim (BA2 composite). To our knowledge 
copper shim is more applicable for larger circular saw blades as it is used for impact resistance 
for concrete cutting. Since this was not applicable for our 6 ½ metal cutting saw, we removed it. 
Knock-off tests have been done to support this acquisition. These determined that the original 
 
Morse designed blade without the shim had similar knock off values of around 200 lbs and more 
consistency. The team also performed life tests of the original blade without the shim to be 
compared to one with it. This determined that the shim was not necessary because the life tests 
were similar.  Therefore, the team decided to focus further testing with only the BA1 composite.  
 
 
Gullet 
In the final prototype, the gullet was simplified and significantly smaller. The complexity 
of the geometries on the blade were reduced with a smoother flow of gullet as well as a smoother 
feed limiter on the body of the blade. A shorter, smaller gullet is a good feature to have on this 
blade because chip loads are small. Also, with the shorter gullet and reduced tip size, the tip of 
the tooth will be closer to the body of the blade allowing for less moment on the tooth and 
therefore reduces deflection while cutting. This is important to take into account because if the 
side loads of the blade are not balanced correctly it will result in poor tooth wear and excess 
vibration which will reduce the life of the blade.  
An Ansys model  shown in Figure 43 shows the old Hilti blade stress distribution in the 
tooth and the tip. For the purpose of this model, the only interest was seeing how the stress was 
distributed in the tip. It is shown that there is moderate stress distributed throughout the whole tip 
with some spikes in the carbide tipped area. This was undesirable to see because, If the force in 
the center of the tooth is high and the forces are only on the cutting edge, that means the tooth 
may be deflecting. After modifications were made to both the gullet and the tip, the Ansys model 
 
shown in Figure 44 is the result. It shows a lower max stress as well as a more desirable stress 
distribution.  
 
Figure 43: Ansys Stress of old Hilti 
 
Figure 44: Ansys Stress of New Hilti 
 
Tip Material 
During our knock off testing, forty tips were sent out from each competitor blade to test 
the composition and the grade. The results came back with both competitors using similar 
compositions of cermet. Currently, the Morse blade utilizes a carbide in the current design. 
Carbide is typically used in interrupted cutting such as the unistrut and pipe in the secondary 
 
applications due to being less brittle than cermet and therefore withstanding multiple impacts in 
the cut. Moreover, cermet is a brittle material but better in a continuous cut such as the steel plate 
and is more resistant to tool wear. While testing, the team saw heavy chipping at the tooth edge. 
To help remedy this three different materials were chosen. These three materials had varying 
transverse rupture strengths of 2000 MPa (CE05 Cermet), 3200 MPa (SM25 Carbide), and 4300 
MPa (H10F Carbide). These materials were chosen for various reasons. After analysis of 
competitors blades we found out that they all made use of CE05 grade cermet, so we decided to 
try that material. This would give us a good benchmark to see how our edge geometry had a 
large effect on cut performance. We currently produce blades with SM25 carbide so we chose 
this material to compare our new blade to our old blade. We chose H10F due to its very high 
transverse rupture strength, which we thought may help with our edge chipping problem. We 
later found out that due to cost, the SM25 Carbide that we already had was the tip of choice. 
 
Cost 
After gaining ground in the performance aspect of the blade the scope was shifted to cost 
reductions. The overall plan was then to make the blade with smaller tips and remove the BA2 
copper shim by replacing it with BA1. We also chose to try and paint the blade. In doing so, it 
cut out three processes in manufacturing: polishing, blasting, coating. While it was cheaper to 
paint the circular saw blades, the company chose not to proceed with this on a large scale due to 
the entire product line not fitting through the painting machines. Figure 45 shows the material 
cost breakdown of the current product without any modifications at $3.70. Figure 46 shows the 
material price breakdown of the modified blade at $2.59. The result is a 30% reduction just in 
 
materials required for this blade. Due to confidentiality the description of how this is done cannot 
be released but it shows a significant improvement. 
 
Figure 45: Current Hilti Blade Material Cost 
 
Figure 46: Final Hilti Blade Material Cost 
Now that the material cost was reduced the shift went to the manufacturing process and 
improving cycle times to increase throughput. The original production cost was around $9.15 the 
final optimized production cost was $8.96 which is only a 2% reduction. However many of the 
costs are not changeable by a large degree without process changes. The proposed paintline for 
the whole line of blades would have cut down three processes and increased throughput driving 
 
the price down. Overall the cost reduction of the whole process was reduced by about 10% 
which beat the initial goal of 5%.  
 
Conclusion 
As a result of our testing, it was clear that our newly designed blade was better in both 
the categories of cost and performance. We chose to remove a tip and use the 39 tooth blade as 
our final prototype, as well as a 3 tooth, triple chip and chisel tip pattern. We also removed the 
braze shim, which led to further cost reduction and performance. We ultimately found that our 
face grind process needed to stay the same and that for our application a zero degree rake face 
was the best choice. The gullet design was optimized and reduced in order to get less stress and 
deflection while cutting. The feed limiter was experimentally tested and proved out to get the 
best overall placement to limit feed. Due to cost restriction put on the project halfway through 
many of the original ideas for performance were phased out. The 4 tooth grind pattern that would 
decrease the chip load and extend life was no longer feasible due to the long cycle time in 
grinding. Testing new tip materials proved to not be the route the company wanted to go due to 
being more costly as well as slowing down the grind time due to being a brittle material such as 
cermet. Overall the company's expectations were met and this project set the groundwork for the 
redesign of blades in the future. 
 
 
 
 
 
